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CHAPTER-I 
INTRODUCTION 
Analytical Chemistry has emerged for its great 
concern in qualitative and quantiation analysis. In 
qualitative analysis the object is to determine what 
the constituents are in the sample, whereas in 
quantiative analysis the amount of species present in a 
given sample is determined. Analytical science has 
always occupied a vital position in the development of 
chemistry and the techniques used are indispensible. 
The employment of analytical chemistry in modern 
industrial technology and environmental science is of 
inestimable importance. In fact, the development of 
modern analytical techniques of seperation, 
identification and determination have provided 
information about the presence of the pollutants in 
natural environments. Analysis has been concerned 
largely with the chemical conposition, but it is coming 
more and more important to include the determination of 
molecular structure and the measurements of physical 
properties. Besides chemical methods, other techniques 
such as fractional precipitation, distillation and 
crystallization have been extensively used. 
Chromatography plays a vital and significant 
role in modern age, various complex problems concerned 
in seperation science can be successfully achieved. The 
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term chromatography means seperation of colour. However 
in modern age it is ridiculous as it is applicable to 
colourless compounds also. Various chromatographic 
methods have been developed according to the principle 
of seperation band on mobile and stationary phases. 
"Ion-Exchange Chromatography" is one of the most 
important chromatographic methods which involve 
seperations of ionic and molecular species which seems 
to be difficult and tedious. 
The phenomenon of Ion-Exchange was first 
observed and explained by Thompson, an English 
Agricultrist (1), when he treated soil with ammonia 
salt solution and found the conversion of ammonium 
sulphate to calcium sulphate due to uptake of ammonia 
by the soil. However Way (2), a consulting chemist of 
the Royal Agricultural Society demonistrated the 
mechanism in a comprehensive way. 
Ca-(Soil) + (NH^)2S04:^=^ (NH^)2 -Soil + CaSO^ 
In 1896, Harm (3) was the first one to use 
cation-exchange silicate material for commercial 
purposes to remove sodium and potassium ions from sugar 
beat juice, Cans (4) in 1905 successfully applied, self 
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synthesized inorganic exchange material, sodium 
aluminosi licate (Na^Al^^Si^O^ j^ ) for water softening and 
sugar treatment. Thereafter,Adams & Holms (5) studied 
the ion-exchange properties of the crushed phonograph 
records. This led remarkable evolution to the synthesis 
of organic ion-exchanger resins. And soon followed the 
commercial production and improvement of synthetic 
resins by Holmes and Forbenindustrie. 
Samuel son (6) during the same period published 
the application of organic ion-exchanger in analytical 
chemistry. The real modern era in ion-exchange 
technology began in 1944, when D'Aletio of German 
Electric Comparies Pittsfield laboratories synthesized 
resins from polystyrene (7). Todays polystyrene 
resins, compared to earlier resins posses greatly 
improved capacity, chemical and mechanical stability. 
Attention was also focussed on hydrous oxide 
in combination with phosphates, molybdate, tungstate 
and antimonate to form gels ( 8 - 1 0 ) . The work upto 
1963 has been summarized by Amphlett (11) in his 
monograph "Inorganic Ion-Exchanges". Further 
developments have been summarized by Vesley & Pekarck 
(12), Clearfield (13, 14), Alberti (15, 16), Waton (17, 
20), Vol'kim (21) and Qureshi (22). 
-4-
A large number of inorganic substance has been 
prepared which exhibit ion-exchange properties. They 
are classified as follows. 
I. Hydrous Oxide 
II. Acidic Salts of Multivalent metals 
III. Salts of Heteropolyacids 
IV. Insoluble Ferrocyanides 
V. Synthetic Aluminosilicates 
VI. Certain other substances. Eg. synthetic 
Apatities, Sulphides and Alkaline Earth 
Sulphates. 
Hydrous oxides are divided into two main types : (i) 
particle hydrates, those like ZxQr. and Sn02 for which 
ion-exchange is concerned on the surface and (ii) 
framework hydrates which contain cavities or tunnels in 
which exchangeable ions reside i.e. the hydrous oxides 
of antimony and manganese (23). 
Quadrivalent metal oxides, the most studied 
group, which behave either as cation or anion 
exchanger, depending upon the basicity of the central 
atom and the strength of the metal oxygen bond relative 
to that of the oxygen - hydrogen bond in the hydroxyl 
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group. These substances are mostly amphoteric and their 
dissociation mechanism may be represented as 
M-OH •±=^ M^ + OH (A) 
M-OH =^=^ M-0~ + H^ (B) 
(M-represents the central metal atom) 
Scheme (A) is favoured by acid conditions, when the 
substance can function as an anion-exchanger, and 
scheme (B) by alkaline conditions, when the substance 
can function as a cation exchanger. Near the isoelectric 
points of oxides (24), dissociations according to both 
scheme can take place and both type of exchange may 
occur simultaneously. 
The acidic salts of quadrivalent metals such 
as Zr(IV),. Th(IV), Ce(IV), Sn(IV), Al(III) , Cr(III), 
Fe(III), U(IV) incorporated with the anions, phosphate 
arsenate, antimonate, vanadate, molybdate, tungstate, 
tellurate, silicate, oxalate, selenlte have been 
intensively studied. A number of comprehensive reviews 
on various aspects of the properties and behaviour of 
the compounds have been published recently (25, 26) 
which includes material aspects (27), ion-exchange 
(28), catalysis (29) and membranes (30). 
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Gelationus amorphous gel Is being prepared by 
mixing zirconium salt solutions with phosphoric acid at 
room temperature. According to the preperation 
condition materials with P/Zr ratios of 0.5 - 2.1 are 
formed (13, 31-37) while the thermal treatment of 
amorphous materials with phosphoric acid (38-40) or 
refluxing them with >_ 2.5 M phosphoric acid (11, 13, 
39-42) leads to the formation of semicrystalline and 
crystalline forms respectively. Zirconium bis 
monohydrophosphate ( oC - ZrP) was prepared by refluxing 
the amorphous gel in lOM to 15M phosphoric acid. It is 
monoclinic with a layered structure having unit cell 
dimensions of a = 9.076, b = 5.298, c = 16.22 A° and 
B = 111.5 with formula Zr(HPO )2.2H20 (43-46). 
A simplified schematic diagram illustrating 
the essential features of oC -ZrP, proposed by clear-
field and Stynes (43) is given in Fig. (1). Each layer 
can be regarded as a two dimensionally infinite complex 
molecule, which consists of a sheet of roughly 
coplaner Zirconium atom sandwitched between the two 
sheets of monohydrogen phosphate group. Whereas each 
Zirconium atom is coordinated by six oxygen atoms 
arranged octahedrally about the Zirconium atom. The 
layers are packed together in such a sequence that the 
• 7 -
Fig 1 Schcmaiic illusiraiion of the iiructureof a-zjrconium pha^phaie. 
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neighbouring monohydrogen phosphate groups from 
adjacent layers are staggered and do not lie directly 
opposite one another. And as such this creates Zeolitic 
cavities in the inter-layer region. One of these 
cavities is indicated by the dashed circle in Fig. ( 1 ) 
per formula unit, Zr(HPO^)2H2O, there is one such 
cavity and water molecule lie in this cavity. The 
interlayer seperation in the ©C -ZrP structure is 7.6A°. 
Clearfield proposed that the structures of 
^-ZrP and T-ZrP are also layered as represented in Fig 
(2). Acidic salts with layered structures of B and T 
types contain larger inter-layer spacing than oC-ZrP. 
The p and Y phases corresponding to Zr(HPO,)r, and 
Zr(HPO,)2.2H2O respectively, are prepared by refluxing 
the solutions of ZrOCl^ NaH^PO, in 3M hydrochloric 
acid. Drying over anhydrous CaSo, leads to the 
formation of ^-Zirconium phophate (48) these sorbents 
can adsorb cations with large dimensions, such as Cs . 
Three component ion-exchangers have also been 
prepared in which parent acid belong to the class of 
12-heterpoly acids having the general formula 
H„XY.20AnXnH20 where X may be phosphorous, arsenic, 
silicion, germanium and boron and Y different 
-9-
Fig 2 Schematic illustration of «h< model structure proposed for /3- and 
phosphate. y-zirconmm 
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eleiiients such as molybedum, tungsten and vanediuin . Much 
subsequent investigation of the ion-exchange properties 
of these salts have been carried out by Smith & Robb 
(49). Ion-exchangers of three component show 
superiorsely over simple salts mainly in three aspects 
i.e. they are more thermally and chemically stable, 
more selective. Three component ion-exchange have been summari-
zed in Table - 1. 
Layered compounds are expected to be a 
heterogenous catalyst, catalytic support, and 
substrate of electroluminiscent material etc. Many 
compounds, such as graphite and clay minerals, have 
been studied extensively (70). Some of the acid salts 
of tetravalent metals have a layered structure and have 
been studied as an inorganic ion-exchanger since 1964. 
Crystalline Zirconium phosphate, especially monohydrate 
called as cC form, has been studied as a host of 
Intercalation (71). The features of Zirconium phosphate 
are 
1. a definite chemical composition Zr(HPO/)^.nH^O 
2. a narrow interlayar distance and 
3. the presence of ion-exchangeable protons and 
their high charge density. 
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These imply that an intercalation reaction may proceed 
stoichiometrically5 and be affected by basicity and the 
size of a guest molecule. Zirconium phosphates can be 
considered too as a model compound representative of 
layered one such as acid salts of tetravalent metals 
and clay minerals. 
Intercalation of alkylamines was studied by 
some workers, and the relationship between the chain 
length of amine and the interlayer distance of 
Zirconium phosphate has been discussed. However, few 
amines incorporating a cyclic structure have been 
investigated. Many of cyclic amines are biologically 
and medically important, but their intercalation 
towards Zirconium phosphate has not been reported. 
The intercalation chemistry of Zirconium 
phosphates with respect to amines incorporating ring 
system has been studied. 
In Zirconium phosphate between the layers a 
zeolitic cavity is present, conrecting by the openings. 
The largest diameter of this opening is estimated to be 
2.64A°. The proton can be replaced with another cations 
in solutions. The interlayer distance can be varied 
with cations or guest molecules present between layers. 
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The uptake of amines were studied by the pH-tltration 
method batchwise. When the titration method can not be 
employed, ^ -Zirconium phosphate is contacted with 
solutions containing various amounts of the amine. 
Characterization of intercalation obtained is 
generally carried out by the following methods. 
1. Elemental analysis. This gives the chemical 
composition of an intercalate. The data suggest 
either the only intercalation, took place or 
another decomposition of a guest molecule did. 
2. X-ray Diffractometry. The change in interlayer 
distance suggests that the orientation of guest 
molecules between the layers. If a plane is 
assumed on which most of atoms in the guest are 
present, this plane can be stated in three 
manners; parallel, inclined, or perpendicular 
to the plane on cC -Zirconium phosphate. 
3. IR Spectroscopy. The spectra may indicate 
interaction between the guest and mainly 
phosphate proton of the host. 
4. Thermal Methods. (Thermal gravimetric and 
differential thermal analysis). These give 
-15-
information for the Interaction among the 
phosphate protons and chemical species present 
in the intercalate. 
The intercalation of mono-(6-^ 
aminoethylamino-6-deoxy)-:^-cyclodextrine { CDen .) has 
been studied to prepare macroporous networks analogous 
to Zeolite between the layers of oC -Zirconium 
phosphate (72). ^ -Zirconium phosphate was soaked in 
an aqueous solution containing various amount of CDen 
at 25°C for 14 days. The up-take reaction proceeded 
with increasing amounts of CDen in the solution. 
Thermoanalytical data show that the amounts of CDen and 
water at the highest conversion were 0.368 and 5.3 mol 
of cC-Zirconium phosphate. 
The mechanism of intercalation is that the 
protons present on interlayer surface will be replaced 
+ 
by the terminal cations of -NH„ 
CDen's were oriented in the first intercalation 
in such a way that the their cavity axes were parallel 
to that of oC-Zirconium phosphate. In the second 
intercalations CDen's were aligned in the same manner 
to the layer of oc -Zirconium phosphate, but are 
shifted to first layer. Thus, CDen's are arranged as a 
-16-i 
bilayer with their cavity axes parallel to the layer of 
oC -Zirconium phosphate. 
Uptake of cyclohexylamine and the 
characterization of a new phase is described (73). Fig. 
(3) Shows the titration curve of oC -Zirconium 
phosphate with cyclohexylamine. Cyclohexylamine was 
taken up at a low pH value. The end point corresponded 
to 757o of the total ion-exchange capacity of 
oC-Zirconium phosphate. 
Since the chair conformation is more stable 
than the boat one (74) it can be assumed that the 
cyclohexylamine is present as the chair conformation 
between the layers. Thus, the interlayer distance of 
phase-1 can be compared with that of the butylamine 
form. Since the former is equal to 18.4A° and the 
latter to 19.0A°. 
The interlayer distance of phase-1 was equal to 
18.4A°, and comparable with those of the butylamine and 
benzylamine intercalate of oC-Zirconium phosphate (75, 
76). Fig. 3(b) and (c) shows the titration curves of 
°^ -Zirconium phosphate with dl-1-Phenylethylamine 
(dl-PEA). The curve (b) showed the titration for the 
-16-11 
1 2 3 4 5 6 7 8 9 10 
Figure 3 . Titration curves of (t 
zirconium phosphate with 
various amines. 
(a)cyclohexylamlne, 
(b)dl-l-phen3-l ethyl am i ne-
i t s c i) 1 o r i d e , 
( c ) d l - l - p h e n y l c t h y l a m i n e 
only, 
(d)2-phenylethyl ami ne. 
- 1 7 -
i^ Zirconiiih^>:^6sphafle, 
y/}& ^w 
m 
c 
I 
I 
I 
r 
Fi g .4.Orientation of 
(a)dl-l-phenylethylan)lne, 
(b)2-phenylethylamine. 
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chloride system, and the curve (c) for only the amine 
system. The difference between two curves indicates the 
selectivity of oC-zirconium phosphate to the amine. 
dl-PEA was taken up at relatively low pH values in the 
interlayer region of oC-Zirconium phosphate. The 
reaction proceeded in two stages. In the first stage 
the end point corresponded to the 507o of the total 
ion-exchange capacity of oC -Zirconium phosphate. 
Further one third mol of dl-PEA was taken up at higher 
pH values by one mol of oC -Zirconium phosphate. The 
low pH values of loading indicate the high selectivity 
if oC- -Zirconium phosphate to dl-PEA. The titration 
curves show that two phosphate protons behaved 
bi-functionally, and that their acidity was apparently 
different from each other. The observations 
corresponded to the acidity of -POH groups in 
oG-Zirconium phosphate ill). Structural change took place 
during the up-take reaction. The interlayer distance 
increased from 7.6 to 15.6A°. 
The interlayer distances of two phases obtained 
in this study are shorter than that of the benzylamine 
form (19.2A°) or the cyclohexylammonium form (18.4A°) 
(73, 76). It is possible to interprete the interlayer 
-19-
distance of phases H and A with the molecular size 
of a gust. 
As shown in Fig. 4(a), where C1-C6 are carbons 
in the benzene ring and the terminal ~NHo and 
adjacent methyl group cover an area of one -POH anion 
present in ab plane of oC -Zirconium phosphate. The 
interlayer distance of phases H and A can be 
compared with that of butylamine intercalate of 
"^ -Zirconium phosphate, if the orientation of R-NHo 
ion with respect to the layers of Zirconium phosphate 
is similar to that of n-alkylamines. The C7 - C4 dashed 
line represent the orientation of butylamine Fig. 4(b). 
It can be expected that the interlayer distance will be 
nearly equal to those of the butylamine forms. The 
interlayer distance of 18.8A° was that of a fully 
intercalated form (75). Since «<! -Zirconium phosphate 
did not form a half-converted form with butylamine, the 
interlayer distance of phase H has no reference. 
Assuming that a half-converted form could be prepared, 
its interlayer distance is estimated as the same of 
that of propylamine and the difference of the distance 
of propyl- and ethylamine cited in the literature (71), 
that is 15.4A°. 
-20-
Intercalation in "^  -Zirconium phosphate 
crystallltles Zr(HPO,)^.2H„0 has been studied, which 
having a layered structure with somewhat wider 
interlayer distance (12.2A°) than that of oC -form (7.6 
A° ) . On the other hand, the free area associated to 
each -POH group on the surface the layers is smaller 
for T -Zirconium phosphate {17.8A ) than that of 
2 
<^  -Zirconium phosphate (24.OA ) (78) which may 
result in greater difficulty in accomodating a large 
amount of bulky molecules for "Y" -Zirconium phosphate. 
The intercalation of tertiary amines (RNH) was 
studied by the ion-exchange method using 'Y -Zirconium 
phosphate prepared by the hydrothermal method, where 
R = (C^H2^^^)3 and C2HC, n=l-6 (79). The compounds 
Zr(RNH) H„ (PO,)oYHoO were obtained of these X 2-x 4 2 2 
intercalates, the interlayer distance of trimethyl-, 
triethyl-, tributyl-, tributyl triphenyl-, and 
trihexylamine were 17.6, 16.4, 16.7, 21.0, 21.5, and 
23.2A° respectively. Pyridine and piperidine were also 
taken up with the interlayer distance of 12.4 and 
18.4A°. They indicated that the interlayer distance of 
the compound increased roughly with the size of the 
guest molecule. 
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The intercalation behavior of some oC -diimines 
such as 2,2'-bipyridine (byp) and 1,10-phenanthroline 
(Phen) toward T -Zirconium phosphate ( T -ZP). 
Zr(HP0^)2 2H2O, has been reported by Ferargina & Tomita 
et al . (80, 81). 
Recently a new class of remarkable complexing 
agents Zirconium polyimine phosphonates have been 
reported by A. Clearfield (82). These compounds are of 
two types. Monophosphates ( or phosphonates ) of 
general composition Zr[0oP0(CH2CH0) -H]2 swell in 
water, and when n exceeds 9 they exfoliate. They can 
Incorporate electrolytes into the polyether chains and 
become ionic conductors. If phosphate groups are 
present on both ends of the polyether chain, the chain 
cross-]ink the layers so that only limited swelling 
occurs . However, these cross-linked products readily 
incorporate trainsition metal species in a somewhat 
crown ether-like manner. Zirconium polyimine compounds 
which are analogous to those for the polyethers exhibit 
remarkable complexing behaviour for anionic species or 
for cation-anion pairs. 
The compounds prepared were mainly phosphonates 
because the P-C bond is more stable to hydrolytic 
cleavage than the P-0 bond of phosphates. Both mono-
-22-
TABLE-2 : Representative Interlayer spacings of Zirconium 
Polyimine phosphonates or phosphates of General 
composition Zr(02PR)j^(02PR')2_ 
-X 
R R' Basal 
Spacing(A°) 
-CH2NHCH2CH2NH2 
-CH2NHCH2CH2NH2 
-CH2NHCH2CH2NH2 
CH2(NHCH2CH2)2NH2 
CH2(NHCH2CH2)3NH2 
O-CH2CH2NH2 
O-CH2CH2NHCH2CH2NH2 
-CH2NHCH2CH2NHCH2PO3* 
-CH2NHCH2CH2NHCH2PO3* 
-CH2NH(CH2CH2NH)2CH2P03 
-CH2NH(CH2CH2NH)3CH2P03 
OH 
OH 
•OH 
2 
1.7 
0 . 
2 
2 
2 
2 
1 
0 . 
1 
- 1 . 8 
63 
5 
17 .1 
1 6 . 3 
14 .5 
2 1 . 8 
27 .6 
12 .7 
21 .0 
1 4 . 3 
amorphous 
17 .7 
19.2 
oC The diphosphonates conform to the general formula 
Zr(02P-R)j^(03PR' )2_2j 
'.X 
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and dlphosphonlc acids of polyamines were synthesized. 
Table-2 list the interlayer spacing of some 
representative bis (monophosphonates) and 
diphosphonates. The interlayer spacing of the 
monophosphonates depends upon the degree of protonation 
and drying condition. 
Ion-exchanger has been extensively used as 
super ion conductor (NASICON). Also in recent years 
there has been intensification of research at 
discovering new proton conductors. This has been used 
as fuel cells, sencers, water electrolysis units, and 
other electrochemical devices. There were further 
preperation of protonated NASICON as HZr„{PO,)o which 
had enhanced the proton conduction (83). Another 
remarkable use for ion-exchanger, as catalytic activity 
(84). Still studies on ion-exchanger are proceeding and 
time will reveal their outstanding characteristics. 
-24-
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CHAPTER-II 
SYNTHESIS AND CHARACTERIZATION OF A NEW 
THREE-COMPONENT ION-EXCHANGE MATERIAL 
INCORPORATION WITH ORGANIC MONOMER : 
ZIRCONIUM(IV) DIETHYLENETRIAMINE 
PHOSPHATE. 
-33-
INTRODUCTION 
Synthetic inorganic ion-exchanger material of 
analytical application with high selectivities and 
resistance at moderately high temperature have now well 
established (1). However a study of literature show 
that the three-component ion-exchanger possess 
increased ion-exchanged capacity and selectivity as 
compared to the two component materials (2-16). We 
therefore synthesized a new three component 
ion-exchange material with an organic monomer i.e. 
Zirconium(IV) ion-exchanger by combining aqueous 
solution of Zirconium Oxychloride and mixing of an 
aqueous solutions of diethylenetriamine and 
orthophosphoric acid, which showed a characteristic 
properties of cationic exchanger. 
In order to get a reproducible ion-exchange 
materials various samples are prepared in setting up of 
the following experimental condition i.e. (i) pH 
(ii) time of refluxing (iii) stirring (iv) and 
order of mixing of each components. 
-34-
In this work we describe the preparation and 
properties of Zirconium(IV) diethylenetrimine phophate. 
Some analytical important metal ion seperations have 
been suggested on the basis of distribution coefficient 
(Kd) values. 
-35-
EXPERIMENTAL 
Reagents : 
Zirconium Oxychloride (CDH), orthophosphoric 
acid (BDH) and diethylenetriamine (S.d. fine chemicals) 
were used for the synthesis of ion-exchanger materials. 
All other chemicals were of AR grade. 
Apparatus : 
The pH was measured on ELICO LI-10 pH meter, IR 
spectra were recorded on IR-408 Shimudzu. A temperature 
controlled water bath shaker (NSW Ltd) was used for 
shaking. 
Synthesis : 
The ion-exchanger mterials were prepared by 
mixing l.OM of diethylenetriamine and 2.0M of 
orthophosphoric acid and diluted to 100ml distilled 
water and put on stirrer for 1 hour. To this 100ml of 
O.IM Zirconium Oxychloride was added and maintained the 
condition of synthesis as indicated in Table 3. The 
resulting products were then filtered off and washed 
-36-
with several small volumes of distilled water to 
remove excess of the reagents until a pH of 6 was 
obtained, and dried at 40°C in an oven. The material 
was broken into small particles by immercing in 
distilled water. The ion-exchanger granules, which 
showed cationic properties were converted into the H 
form by treating with l.OM HNO^ for 24 hours. The 
granules were finally washed with distilled water 
until pH 6, and dried at 40°C. Sample ZAP. was chosen 
for further studies owing to its high ion-exchange 
capaciti es . 
Ion-exchange capacity : 
A 0.5 gm exchanger in H form was packed into 
a glass column (0.6 cm, i.d.) with a glass-wool 
support. The ion-exchange capacity was determined by 
passing a IM solution of different uni- and bivalent 
metal salts at the flow rate of 1ml min . The 
effluent was then treated against a standard solution 
of NaOH. 
Chemical Composition : 
A 0.10 gm of the exchanger material (Sample 
ZAP^ ) was dissolved in minimum volume of concentrated 
-37 
sulphuric acid and diluted to 100 ml with distilled 
water. The Zirconium (17) by xylenol orange indictor 
and phosphate (18) were determined by the standard 
methods. The determination of diethylenetriamine was 
done by taking 0.5 gm of the sample. It dissolved in 
concentrated H^SO, using Kjaldahl flask and then heated 
for 30 min., pottasium sulphate was added to catalyse 
the reaction. Then 30 ml of lOM NaOH was added and the 
released amine was trapped in known quantity of 
hydrochloric acid ( 19). 
pH titration : 
The pH titration of the ion-exchange material 
(sample ZAP^ ) , was carried out by equilibrating several 
samples of exchanger (0.5 gm) with 50ml of O.IM 
NaCl-NaOH solutions (20). The pH was measured after 24 
hrs. and plotted against the ml of NaOH added. 
Infrared Spectrum : 
Infrared analysis of Zirconium(IV) 
diethylenetriamine phosphate was performed using KBr 
technique. 
•38-
Dlstrlbutlon Coefficient : 
The distribution coefficients values (Kd) for 
some metal ions in different solvent systems were 
determined. A 0.2 gm of exchanger in H form was 
treated with 50 ml of a O.OIM metal salt solution in a 
250 ml Erlenmyer flask. The mixture was shaken in water 
bath shaker at 36^^1°C for 8 hours. After equilibration, 
the metal ion were determined by titrating against the 
standard solution of EDTA. 
The Kd values were calculated according to the formula 
mmoles of metal ionic species in the exchanger 
phase/gm of exchanger 
Kd = 
mmoles of metal ionic species left in the 
aqueous phase/ml of the total volume of resul-
tant solution. 
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RESULTS AND DISCUSSION 
Different samples of Zirconium!IV) 
diethylenetriamine phosphate have been synthesized 
under different experimental conditions such as 
variation of pH, change of volume ratios and alterning 
mixing of the substituents in order to get the best 
sample, which can withstand temperature range, chemical 
stability and giving high value of ion-exchange 
capacity. The result are summarized in Table - 3. 
The ion-exchange capacities for alkaline and 
alkaline earth metal ions are determined by a column 
method. The results are reported in Table - 4. It 
clearly indicates that the ion-exchange capacity 
increase along with a decrease in the hydrated ionic 
radii of the ingoing metal ions. This behaviour is in 
agreement with the findings of Nachod and Wood (21). 
Who investigated the exchange of alkaline and alkaline 
earth metal ions on a zeolite. However the Mg showed 
an exceptional behaviour. 
The chemical composition of the ion-exchange 
material (Sample ZAP^) is determined and the mole ratio 
of Zirconium(IV), diethylenetriamine and phosphate are 
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Fig. 5. pH - t i t r a t i o n curve of Zirconiuip( IV) 
diethylenetriaroine phosphate in H form 
at 40°C. 
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found to be 3: 1: 4. 
The pH titration curve of the sample 
Zirconium!IV) diethylenetriamine phosphate (sample 
ZAP ) , heated at 40°C, Fig.-5. Shows two inflection 
points which indicate that the exchanger is 
bifunctional. The first end point occurs at 0.35 meg/g 
exchanger and the second end point at 2.05 meg/g 
exchanger. 
The study of IR spectrum Fig.-6, of 
Zirconium(IV) diethylenetriamine phosphate (sample 
ZAP.) is summarized as follows : 
i. The IR spectrum shows a broad peak in the 
region of 3000 - 2400 cm""*" which is the 
characteristic band of interstitial water, free 
water and OH group. 
The strongly hydrogen bonded OH or 
strongly coordinated H^ O also falls in the same 
region (22). 
ii. Another minor peak appears in the region of 
2350-2300 cm indicating the presence of P-H 
group. 
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TABLE - 5 : Distribution Coefficients of Metal ions in different 
Solvent on Zirconium(IV) diethylenetriamine phosphate 
(Sample ZAP^) at Sej^ l^ C. 
S I . 
No. 
1. 
2. 
3 . 
4 . 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
Metal 
i on 
Mg^ ^ 
Ca2^ 
Sr2-
Ba2-
Mn2^  
Fe3+ 
Co2-
Ni2^ 
Cu2-
Zn2+ 
Cd2-
Hg2^ 
Pb2-
Al3-
Zr^-
Bi3+ 
Ce^-
I o n i c 
rad ius 
(A°) 
0.72 
1.00 
1.18 
1.43 
0.83 
0.78 
0.74 
0.69 
0.77 
0.745 
0.95 
1.19 
1.21 
0.54 
0.72 
1.01 
Hydrated 
i o n i c 
(A") 
10.8 
9.5 
9.4 
8.8 
6.8 
78.0 
-
-
6.8 
6.8 
6.4 
6.3 
5.9 
8.0 
-
-
D i s t i -
l e e d 
Water 
41.43 
189.65 
70.75 
189.65 
18.46 
2.10 
45.83 
58.64 
170.17 
52.63 
27.77 
83.33 
131.18 
29.41 
102.00 
2208.76 
490.0 
O.OIM 
HNO3 
10.42 
14.25 
15.63 
113.97 
6.25 
46.88 
1040.91 
34.09 
53.03 
20.59 
24.39 
350.00 
187.50 
5.38 
336.67 
1062.5 
917.86 
O.IM 
HNO3 
2.66 
11.54 
5.00 
19.2 
1.53 
46.38 
974.14 
27.78 
10.42 
11.36 
2.80 
269.23 
187.5 
2.66 
286.58 
533.58 
404.0 
O.OIM 
NH^NG^ 
46.86 
68.75 
72.78 
108.69 
75.40 
89.28 
172.62 
27.78 
226.19 
146.55 
121.90 
568.18 
855.26 
56.45 
378.57 
7666.66 
319.23 
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ill. A sharp peak in the region 1650 - 1580 cm is 
the characteristic band of H-O-H bending and 
N-H deformation vibration. 
iv. A very weak band appears in the region of 1520 
- 1440 cm may be assigned to N-H deformation 
vibration of secondary amine. 
V. A strong and broad band in the region of 1100 -
870 cm may be due to HPO, group and band due 
to C-N group also falls in the region 
[(ii-v)-23]. 
Distribution coefficients of metal ions are 
studied in distilled water, in different concentration 
of nitric acid and also in ammonium nitrate. A look in 
the Table - 5 suggest that ammonium nitrate contribute 
a significant role in describring the Kd values, 
whereas in nitric acid almost all the metals have low 
values in comparision to that of ammonium nitrate. 
Factors which favour a high Kd value may be attributed 
to the formation of a coordinate bond of guest metal 
ion with host ionogenic group (-NH„). The high Kd 
values of Bi"^ ,^ Pb^^, Zr^^ & Hg^^ suggest the 
formation of strong negatively nitrate complex ions 
-47-
which are expected at amine sites or a strong affinity 
towards a coordinating bond to the host amine group. 
The metals Ce"^ "^ , Cu^ "^ , Cd 2 + 2+ Zn with moderate 
2+ 2 + 
and Ni & Mn with low Kd values suggest a weak 
affinity towards the exchanger. 
On the basis of a large difference in Kd values 
in O.OIM NH.NO^ and O.IM HNO^ the following metal ions 
seperation on ZAP. may be suggested. 
i. Cu^ "*" from Co^^ , Ni^^, Fe^^ , Mg^^ , Mn^^ , Cd^^ 
ii. Pb^ "^  from Fe", Mn"' , Cd 3+ ,, 2+ ,^,2+ 
 
iii. Bl^ "" from Sr^^, Mn^^, Fe"^ ,^ Zn^^, Cd^^, Al"^ ^ 
iv. Ce"^ "" from Mg^^, Mn^^, Fe"^ ,^ Zn^^, Cd^^, Al^^ 
This research project is well in progress to 
elucidate the structure. Other analytical studies, such 
as exchaustive IR studies, nmr and thermal studies are 
needed to reveal some important informations. 
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